In many senses, the recent publication in PNAS by Ceballos et al.
(1) on population losses and declines in vertebrates can be traced back to efforts early in the 20th century led by the American Committee for International Wildlife Protection to document the extinction phenomenon (2) (3) (4) . The focus at the time was very much on individual species, not on extinction rates, and certainly not on precursor population declines.
It is interesting to reflect on one of the most famous extinctions caused by humans, namely, the Passenger Pigeon. The original populations were staggeringly large and so impressive that in the 1870s, the Passenger Pigeon was chosen to adorn one of the gateposts of the British Museum of Natural History in South Kensington to represent the Nearctic region.
Its extinction would have seemed inconceivable, given the enormous populations and the unpredictability of nesting sites. With the advent of a predator aided by telegraph to advertise the otherwise unpredictable nesting sites and by rail to transport the harvest to markets, the populations declined and winked out one by one until all that remained was the single female Martha, which died at the Cincinnati Zoo in 1916. Basically, there was no easy way to keep track, whereas today, in contrast, not only is there an army of birdwatchers but also, in the digital age, the ability to monitor population trends by, in this case, an electronic database, e-bird.
By the time of the United Nations Conference on the Environment in Stockholm in 1972, it was clear that environmental change, including extinction, was pervasive and accelerating. That fact could have been derived from examining the Red List of Endangered Species kept by the International Union for the Conservation of Nature and Natural Resources or other sources like the list of endangered plant species produced by the Smithsonian Institution at the request of the US Congress in 1975 (5) . The number of red-listed species has been increasing dramatically over time.
The first projection of species extinctions globally was published for the Global 2000 Report for the President in 1980 (6) . Often referred to as a prediction, it was, in fact, a projection, the point of which is to stimulate awareness and preventative action so that the "results" do not convert into reality (and make it a prediction).
Estimating Extinction Rates
Subsequent efforts to estimate extinction rates have been far more sophisticated and generally fall into two clusters: One compares current extinction rates against a "normal" background rate, and the other focuses on habitat reduction and has approached it through analyses of reduction of natural areas and species/area relationships. Both approaches focus pretty much on vertebrates because they are generally better known (i.e., vertebrate species have been mostly, but not completely, described) than other life forms.
Extinction has been part of life on Earth pretty much since its origin. Some people think of it in terms of the five previous great extinction events in the history of life (7), but most hardly think of it at all, let alone realize that even without human pressures on the environment, there is a background extinction rate. One approach endeavors to determine to what extent human action has increased that "background rate," and that approach, in turn, largely restricts the analyses to vertebrate species.
Birds are by far the best known group of organisms. A detailed analysis of birds indicates a natural background rate of one extinction per million species per year (1 E/MSY), concludes that current extinctions are 100-fold that rate (100 E/MSY), and projects a 21st century rate of 1,000 E/MSY. That study concludes that extinction rates are likely to be higher for other groups of organisms (8) .
The theory of island biogeography (9), although initially focused on understanding the number of species on different islands, soon included consideration of species number in habitat "islands" in otherwise converted landscapes. Before that time, habitat fragmentation was not considered a serious conservation issue because the loss of species from isolated fragments occurs over time and is only obvious in retrospect.
We now know that the impoverishment of isolated habitat fragments is quite dramatic and ubiquitous. It is a major conservation issue, with 70% of remaining forest within 1 km of the forest's edge (10) (11) . In that study, a 100-ha forest fragment lost half of its forest interior bird species in less than 15 y (12).
A critical aspect of habitat fragmentation is the time lag identified as "extinction debt" (13) . Derived from first principles, it is borne out in many real-world examples as isolated fragments lose biodiversity and simplify over time. From a conservation perspective, a positive aspect is that if the fragment can be connected to another portion of natural habitat, then the process of species loss can be halted, and even reversed if the missing species occur in the habitat to which the fragment has been rejoined.
Addressing the Extinction Tsunami
Put in this context, the new study by Ceballos et al.
(1) on widespread population losses and declines in vertebrates suggests that the continuing focus on extinctions and their prevention leads conservation and conservation science to exert more of their total conservation effort at the end of the extinction process (rather than earlier) than might otherwise be wise. Although the sheer finality of extinction certainly justifies serious concern and effort, in a world of global change where the negative trends are essentially ubiquitous and accelerating, conservation and conservation science would do well to think and act in a more proactive way. Can we deflect the extinction tsunami implied in the major population declines?
A wider lens for conservation and conservation science would also identify critical processes that could otherwise undercut locally focused efforts. A prime example would be the hydrological cycle of the Amazon by which half of Amazon rainfall is generated internally in the basin (by rainfall evaporating off the complex surfaces of the forest and through transpiration) (14) .
Inherent in the Amazon hydrological cycle is the question of how much deforestation could cause that cycle to degrade. Although that threshold is not entirely obvious (my personal view is that it is at around 20% deforestation), it is quite clear that although today's Amazon is in excess of 50% under some form of protection, that impressive amount of conservation could be seriously threatened if the Amazon were to tip into Amazon dieback toward a more savannah-like climate and vegetation.
Similarly, those individuals concerned with biodiversity conservation and avoiding extinction would also be wise to be cognizant of change on a planetary scale. Of course, biodiversity loss is only one part of this change, but the planetary boundaries (15, 16) are quite instructive. Of the planetary conditions for which there are data, a small number (e.g., carbon cycle, nitrogen cycle) have exceeded their dimensions in preindustrial times. Biodiversity loss, as might be expected by extinction levels beyond the background rate, constitutes by far the greatest excursion beyond preindustrial conditions.
The planetary boundaries work has received some criticism. Some object to the use of the word "boundaries," but the real point is about going beyond the conditions that nourished the rise of human civilization. Not surprisingly, the carbon cycle and climate change exceed the historical boundary. Similarly, the distortion of the nitrogen cycle has produced dead zones in coastal waters and estuaries, doubling in number every decade for the past four decades.
Biodiversity loss (extinction) is by far the greatest excursion "beyond safe operating conditions," because biodiversity loss and extinction are caused by direct impacts like harvesting or habitat destruction, as well as by indirect impacts of other environmental change. This work traces back to early work of Ruth Patrick on freshwater systems in the mid-Atlantic, which demonstrated quite clearly that the number and kind of species in a stream or river reflect not only natural conditions but also the combined effects of human activity in the watershed (17) . In other words biodiversity integrates the impacts of all kinds of environmental change.
Combined with the large population declines documented in mammal and other vertebrate species, these regional and global forces put enormous pressure on biological diversity. It would be wise to address them in conservation science, thinking and planning well in advance of extinction thresholds. The Half-Earth Project (18) is just such an attempt to increase conservation efforts to the scale required. This project, along with the similar concept of "Nature Needs Half" (19) , calls for something on the order of half the planet to be dedicated primarily to nature. A conservation vision of that scale may seem impossibly dreamy, but the massive and ubiquitous vertebrate population declines argue for a new approach in which human ambition is embedded in nature.
